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1. 

SEMCONDUCTOR MEMORY SYSTEM 
PERFORMING DATA ERROR CORRECTION 
USING FLAG CELL ARRAY OF BUFFER 

MEMORY 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application claims priority under 35 U.S.C. S 119 from 
Korean Patent Application No. 2007-0008911, filed on Jan. 
29, 2007, the disclosure of which is hereby incorporated by 
reference herein as if set forth in its entirety. 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates to a semiconductor memory 

system, and more particularly, to a semiconductor memory 
system performing data error correction. 

2. Discussion of Related Art 
A flash memory, such as a flash EEPROM, is a non-volatile 

memory that can electrically store or erase data. The flash 
memory may include a NAND flash memory and a NOR flash 
memory. The NOR flash memory may include a simple inter 
face using a static random access memory (SRAM) or read 
only memory (ROM). In the NAND flash memory, the struc 
ture of the interface circuit is complicated as compared to the 
NOR flash memory, but a relative degree of integration is high 
and the cost is low. 

FIG. 1 is a block diagram of a semiconductor memory 
system 100 having a NAND flash memory. Referring to FIG. 
1, the semiconductor memory system 100 includes a NAND 
flash memory 110, a NAND flash interface 120, a state 
machine 130, an error correction logic 140, a buffer memory 
150, a storage block 160, and a host interface 170. 
The storage block 160 stores a command CMD and/or an 

address ADDR received through the host interface 170. The 
storage block 160 may be an internal register of the semicon 
ductor memory system 100. The buffer memory 150 buffers 
data DATA output from the NAND flash interface 120 to the 
host interface 170. 
The state machine 130 controls data input and/or output 

between the NAND flash interface 120 and the buffer 
memory 150 based on the command CMD and the address 
ADDR output from the storage block 160. The state machine 
130 outputs the data DATA to the error correction logic 140 
based on the command CMD and the address ADDR. The 
error correction logic 140 performs error correction on the 
data DATA and outputs a result thereof to the state machine 
130. 
When the data DATA is read out from the NAND flash 

memory 110, the error correction logic 140 performs error 
correction on the data DATA in real time. However, as the 
bandwidth of a data bus receiving data increases, there is a 
limit to the amount of data that can be error corrected in real 
time. 

Thus, there is a need for a semiconductor memory system 
for performing error correction on data in real time. 

SUMMARY OF THE INVENTION 

According to an exemplary embodiment of the present 
invention a semiconductor memory system performs error 
correction on data stored in a buffer memory using a flag cell 
of the buffer memory after the data of a non-volatile memory 
is stored in the buffer memory. 
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2 
According to an exemplary embodiment of the present 

invention, a semiconductor memory system includes a non 
Volatile memory, a non-volatile memory interface, a storage 
block, a buffer memory, and a state machine. The non-volatile 
memory stores data. The non-volatile memory interface com 
municates data with the non-volatile memory. The storage 
block stores a command and an address received through a 
host interface. The buffer memory stores data output from the 
non-volatile memory interface, performs error correction on 
the stored data, and outputs the error corrected data to the host 
interface. The state machine controls input and output of data 
between the non-volatile memory interface and the buffer 
memory based on the command and the address output from 
the storage block. 
The buffer memory may include a memory cell array, a flag 

cell array, and an error correction block. The memory cell 
array has a plurality of word lines. Each of the word lines is 
connected to a plurality of memory cells to store a first data. 
The flag cell array has a plurality of flag cells respectively 
connected to the word lines and stores information indicating 
whether error correction of the first data has been performed. 
The error correction block performs error correction on the 
first data output from the memory cell array in response to a 
read command received through the host interface and a first 
flag data output from the flag cell array. 
The error correction block may include a flag sense ampli 

fier, a controller, and error correction logic. The flag sense 
amplifier amplifies and outputs the first flag data output from 
the flag cell array. The controller receives the amplified first 
flag data in response to the read command received through 
the host interface, generates an error correction enable signal 
and a wait signal based on the received first flag data, outputs 
one of the wait signal and the first data to the host interface. 
The error correction logic performs the error correction of the 
first data in response to the error correction enable signal and 
outputs a result of the error correction to the controller. 
The error correction block may further include a flag write 

buffer which stores a second flag data output from the con 
troller in the flag cell array based on a result of the error 
correction. The buffer memory may further include a driver 
which outputs the first data to the host interface in response to 
a data output enable signal output from the controller based 
on a result of the error correction. 
The number of bit lines of the non-volatile memory may be 

the same as the number of bit lines of the buffer memory. The 
non-volatile memory interface may include a plurality of 
switching devices which connect each of the bit lines of the 
nonvolatile memory to a corresponding one of the bit lines of 
the buffer memory. 

According to an exemplary embodiment of the present 
invention, a method of operating a semiconductor memory 
system including a non-volatile memory interface, a buffer 
memory, and a controller includes storing data output from 
the non-volatile memory interface in response to a command 
and an address received through a host interface, performing 
error correction on the stored data to generate error corrected 
data, outputting the error corrected data to the host interface, 
and controlling input and output of data between the non 
volatile memory interface and the buffer memory based on 
the command and the address. 
The performing of the error correction of the stored data 

may include amplifying and outputting first flag data output 
from a flag cell array, receiving the amplified first flag data in 
response to a read command received through the host inter 
face, generating an error correction enable signal and a wait 
signal based on the received first flag data and outputting one 
of the wait signal and the stored data output from a memory 
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cell array of the buffer to the host interface, and performing 
the error correction on the stored data in response to the error 
correction enable signal and outputting a result of the error 
correction to the controller. 
The performing of the error correction on the stored data 

may include writing a second flag data output from the con 
troller to a flag cell array of the buffer memory based on a 
result of the error correction. The performing of the error 
correction on the stored data may further include outputting 
the stored data to the host interface in response to a data 
output enable signal output from the controller based on a 
result of the error correction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more apparent by 
describing in detail exemplary embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 is a block diagram of a semiconductor memory 
system; 

FIG. 2 is a block diagram of a semiconductor memory 
system according to an exemplary embodiment of the present 
invention; 

FIG. 3 is a block diagram of the buffer memory of FIG. 2; 
FIG. 4 is a block diagram of a memory card according to an 

exemplary embodiment of the present invention; 
FIG.5 is a flowchart which illustrates a method of perform 

ing error correction according to an exemplary embodiment 
of the present invention; and 

FIG. 6 is a flowchart which illustrates a method of perform 
ing error correction according to an exemplary embodiment 
of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Hereinafter, the present invention will be described in 
detail by explaining exemplary embodiments of the invention 
with reference to the attached drawings. Like reference 
numerals in the drawings denote like elements. 

FIG. 2 is a block diagram of a semiconductor memory 
system 200 according to an exemplary embodiment of the 
present invention. Referring to FIG. 2, the semiconductor 
memory system 200 includes a non-volatile memory 210, a 
non-volatile memory interface 220, a state machine 230, a 
buffer memory 240, a storage block 250, and a host interface 
260. 
The non-volatile memory 210 stores data DATA. The non 

volatile memory interface 220 communicates the data DATA 
with the non-volatile memory 210. The non-volatile memory 
210 can be a flash memory and the non-volatile memory 
interface 220 can be a flash memory interface. The storage 
block 250 receives and stores a command CMD and an 
address ADDR received through the host interface 260. 
The buffer memory 240 receives and stores the data DATA 

output from the non-volatile memory interface 220 via the 
state machine 210, performs error correction on the stored 
data DATA, and outputs the error-corrected data DATA to the 
host interface 260. The buffer memory 240 can be embodied 
as, for example, a static random access memory (SRAM). 
The number of bit lines of the non-volatile memory 210 can 

be the same as the number of bit lines of the buffer memory 
240. The non-volatile memory interface 220 includes a plu 
rality of switching devices to connect the bit lines of the 
non-volatile memory 210 to the corresponding bit lines of the 
buffer memory 240, respectively. 
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4 
The bandwidth and the interfacing speed between the 

semiconductor devices may be increased by increasing the 
number of data lines, wherein the data lines interface between 
semiconductor devices. The state machine 230 controls the 
input and/or output of the data DATA between the non-vola 
tile memory interface 220 and the buffer memory 240 based 
on the command CMD and the address ADDR output from 
the storage block 250. 

FIG.3 is a block diagram of the buffer memory 240 of FIG. 
2. Referring to FIG. 3, the buffer memory 240 includes a 
memory cell array 241, a flag cell array 242, and an error 
correction block 243. The buffer memory 240 further 
includes a sense amplifier 248. The sense amplifier 248 may 
sense and amplify the data DATA output from the memory 
cell array 241. The memory cell array 241 includes a plurality 
of word lines (not shown), each of which is connected to each 
of a plurality of memory cells (not shown) storing the data 
DATA. The flag cell array 242 includes a plurality of flag cells 
(not shown) connected to the respective word lines. Each of 
the flag cells stores information indicating whether error cor 
rection on data DATA of a respective memory cell connected 
to a word line has been performed. The flag cells have the 
same structure as that of the memory cells. 

Before error correction is performed on the data DATA of 
the memory cells connected to the respective word lines, the 
flag cell connected to each word line can be set to a default 
value, for example, a logical value “0”. 
When error correction has been performed on the data of 

the memory cells connected to the respective word lines, the 
flag cell connected to each of the word lines can be set to a 
different value, for example, a logical value “1”. When a host 
(not shown) does not use the buffer memory 240, the buffer 
memory 240 sequentially performs error correction on the 
data stored in the memory cell array 241. Thus, the semicon 
ductor memory system 200 can improve the performance of a 
system by performing error correction as a background job 
when the host is not using the buffer memory 240. 
The error correction block 243 performs error correction 

on the data DATA output from the memory cell array 241 in 
response to a read command READ received through the host 
interface 260 and a first flag data FLAG1 output from the flag 
cell array 242. The error correction block 243 includes a flag 
sense amplifier 244, a controller 245, and error correction 
logic (ECL) 246. The flag sense amplifier 244 amplifies and 
outputs the first flag data FLAG1 output from the flag cell 
array 242. 
The controller 245 receives the amplified first flag data 

FLAG1 in response to the read command READ received 
through the host interface 260, generates an error correction 
enable signal EN EC and a wait signal WAIT HOST. The 
controller 245 outputs the generated wait signal WAIT 
HOST to the host interface 260 or outputs the data DATA to 

the host interface 260 based on the received first flag data 
FLAG1. 
The ECL 246 performs error correction on the data DATA 

output from the memory cell array 241 via the sense amplifier 
248 in response to the error correction enable signal EN EC 
and outputs an error correction result RESULT to the control 
ler 245. The error correction block 243 can further include a 
flag write buffer 247 to write a second flag data FLAG2 output 
from the controller 245 to a corresponding one of the flag 
cells, based on the error correction result RESULT. 

In an initial state, the flag cells of the flag cell array 242 may 
be set to a default value, for example, a logical value “0”. 
When error correction on the data DATA of a corresponding 
word line has been performed, the controller 245 outputs the 
second flag data FLAG2 having a logical value “1”. Thus, the 
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flag cell connected to the word line where the data error 
correction has been performed is set to the logical value “1”. 
One of ordinary skill in the art would understand that different 
logical values may be used. 
The buffer memory 240 can further include a driver 249 

outputting the data DATA output from the memory cell array 
241 to the host interface 260 in response to a data output 
enable signal EN DO output from the controller 245 based 
on the error correction result RESULT. 

FIG. 4 is a block diagram of a memory card 400 according 
to an exemplary embodiment of the present invention. Refer 
ring to FIG.4, the memory card 400 includes a semiconductor 
memory system 200, a host interface 260, and a host 410. The 
operation of the memory card 400 will be described with 
reference to FIGS. 2 through 4. The memory card 400 may be 
a memory card Such as a Smart card, a memory Stick, a 
multi-media card (MMC), or a compact flash card. 
The semiconductor memory system 200 and the host 410 

are connected to each other via the host interface 260. The 
host 410 outputs the command CMD and the address ADDR. 
The semiconductor memory system 200 performs error cor 
rection on the data DATA output from the non-volatile 
memory interface 220 and outputs the error-corrected data 
DATA to the host interface 260 based on the command CMD 
and the address ADDR received through the host interface 
260. 
The semiconductor memory system 200 outputs the wait 

signal WAIT HOST to the host 410 based on information that 
indicates whether error correction on the data DATA stored in 
the buffer memory 240 has been performed. 

FIG.5 is a flowchart which illustrates a method of perform 
ing data error correction according to an exemplary embodi 
ment of the present invention. Referring to FIG. 5, the buffer 
memory 240 of the semiconductor memory system 200 per 
forms error correction when the host 410 is not using the 
buffer memory 240. FIG. 6 is a flowchart which illustrates a 
method of performing data error correction according to an 
exemplary embodiment of the present invention. Referring to 
FIG. 6, the buffer memory 240 performs error correction 
when the host 410 outputs a read command READ. 

Methods by which the buffer memory 240 performs data 
error correction will be described with reference to FIGS. 3 
through 6. The method by which the buffer memory 240 
performs the data error correction when the host 410 is not 
using the buffer memory 240 is described first. The buffer 
memory 240 sequentially performs error correction on the 
data DATA stored in the non-volatile memory 210. 
The controller 245 generates an error correction enable 

signal EN-EC (S510). The ECL 246, in response to the error 
correction enable signal EC EC, performs the error correc 
tion on the data DATA and outputs the error correction result 
RESULT to the controller 245 (S520). The controller 245 
generates the second flag data FLAG2 having the logic value 
“1” based on the error correction result RESULT and the flag 
write buffer 247 stores the second flag data FLAG2 in a 
corresponding one of the flag cells (S530). 
The method by which the buffer memory 240 performs the 

data error correction when the host 410 outputs a read com 
mand READ is described as follows. The controller 245 of the 
buffer memory 240 receives the read command READ from 
the host interface 260 (S610). The controller 245 receives the 
first flag data FLAG1 output from the flag sense amplifier 244 
(S620). 
The controller 245 determines whether error correction has 

been performed on the data DATA output from the ECL 246 
based on the first flag data FLAG1. For example, the control 
ler 245 may determine that error correction on the data DATA 
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6 
has been performed when the value of the first flag data 
FLAG1 is the logical value “1”. When the value of the first 
flag data FLAG1 is the logical value “0”, the controller 245 
may determine that error correction on the data DATA has not 
been performed (S630). 
When error correction on the data DATA has been per 

formed, the controller 245 generates the data output enable 
signal EN DO. The driver 249 outputs the data DATA to the 
host interface 260 (S660) in response to the data outputenable 
signal EN DO. When error correction on the data DATA has 
not been performed, the controller 245 outputs the wait signal 
WAIT HOST to the host interface 260. The host 410, in 
response to the wait signal WAIT HOST, stops the use of the 
buffer memory 240 (S640). 
The controller 245 outputs the data output enable signal 

EN DO. The ECL 246 performs error correction on the data 
DATA and outputs the error correction result RESULT to the 
controller 245. The controller 246 outputs the second flag 
data FLAG2 having the logical value “1” to the flag write 
buffer 247 based on the RESULT. The flag write buffer 247 
stores the second flag data FLAG2 in a corresponding one of 
the flag cells (S650). The controller 245 generates the data 
output enable signal EN DO. The driver 249 outputs the data 
DATA to the host interface 260 (S660) in response to the data 
output enable signal EN DO. 

Although embodiments of the present invention have been 
described with reference to a buffer memory interfacing 
between a host and a non-volatile memory, the present inven 
tion is not limited thereto, as the buffer memory may addi 
tionally interface to other electronic devices. 

While this invention has been particularly shown and 
described with reference to exemplary embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. A buffer memory comprising: 
a memory cell array having a plurality of word lines, each 

of the plurality of word lines electrically connected to a 
plurality of memory cells storing first data; 

a flag cell array having a plurality of flag cells, each of the 
plurality of flag cells electrically connected to each of 
the word lines and storing information that indicates 
whether error correction of the first data has been per 
formed; and 

an error correction block performing error correction on 
the first data output from the memory cell array in 
response to a command received through a host interface 
and a first flag data output from the flag cell array, 

wherein the error correction block comprises: 
a flag sense amplifier for receiving and amplifying the first 

flag data output from the flag cell array and for output 
ting amplified first flag data; 

a controller for receiving the amplified first flag data in 
response to the command received through the host 
interface, generating an error correction enable signal 
and a wait signal based on received first flag data and 
outputting one of the wait signal to the host interface and 
the first data to the host interface; and 

an error correction logic for performing the error correc 
tion of the first data in response to the error correction 
enable signal and for outputting a result of the error 
correction to the controller. 

2. The buffer memory of claim 1, wherein the error correc 
tion block further comprises a flag write buffer for storing a 
second flag data output from the controller in the flag cell 
array based on a result of the error correction. 
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3. The buffer memory of claim 1, further comprising a 
driver for outputting the first data to the host interface in 
response to a data output enable signal output from the con 
troller based on a result of the error correction. 

4. A semiconductor memory system comprising: 
a non-volatile memory to store data; 
a non-volatile memory interface for communicating data 

with the non-volatile memory; 
a storage block to store a command and an address received 

through a host interface; 
a buffer memory to store data output from the non-volatile 
memory interface, to perform error correction on stored 
data, and to output error corrected data to the host inter 
face; and 

a state machine to control input and output of data between 
the non-volatile memory interface and the buffer 
memory based on the command and the address output 
from the storage block, 

wherein the buffer memory comprises: 
a first sense amplifier amplifying flag data output by a flag 

cell that indicates whether data of a memory cell is one 
of corrected or uncorrected; 

a controller generating a signal in response to the com 
mand, wherein the signal enables correction when the 
amplified flag data indicates that the data is uncorrected, 
whereby the controller generates await signal for output 
to the host interface while an error correction logic is 
correcting the data; and 

the error correction logic correcting the data in response to 
the signal via a second sense amplifier to output a cor 
rection result to the controller. 

5. The semiconductor memory system of claim 4, wherein 
the buffer memory comprises: 

a memory cell array having a plurality of word lines, each 
of the word lines connected to a plurality of memory 
cells storing first data; and 

a flag cell array having a plurality of flag cells including the 
flag cell, each of the plurality of flag cells connected to 
each of the word lines and the flag cell storing the flag 
data. 

6. The semiconductor memory system of claim 4, further 
comprises a flag write buffer for storing second flag data 
output from the controller based on the correction result to 
update the flag data in the flag cell. 

7. The semiconductor memory system of claim 4, wherein 
the buffer memory further comprises a driver for outputting 
the data of the memory cell to the host interface in response to 
a data output enable signal output from the controller based 
on the correction result. 
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8. The semiconductor memory system of claim 4, wherein 

a number of bit lines of the non-volatile memory is the same 
as a number bit lines of the buffer memory. 

9. The semiconductor memory system of claim 8, wherein 
the non-volatile memory interface comprises a plurality of 
switching devices which connect each of the bit lines of the 
nonvolatile memory to a corresponding one of the bit lines of 
the buffer memory. 

10. The semiconductor memory system of claim 4, 
wherein the semiconductor memory system is a memory 
card. 

11. A method of operating a semiconductor memory sys 
tem including a non-volatile memory interface, a buffer 
memory, and a controller, the method comprising: 

storing data output from the non-volatile memory interface 
in response to a command and an address received 
through a host interface; 

performing error correction on the stored data to generate 
error corrected data; 

outputting the error corrected data to the hostinterface; and 
controlling input and output of data between the non-vola 

tile memory interface and the buffer memory based on 
the command and the address, 

wherein the performing of the error correction on the stored 
data comprises: 

amplifying and outputting first flag data output from a flag 
cell array; 

receiving amplified first flag data in response to a read 
command received through the host interface; 

generating an error correction enable signal and a wait 
signal based on received first flag data and outputting 
one of the wait signal and the stored data output from a 
memory cell array of the buffer memory to the host 
interface; and 

performing the error correction on the stored data in 
response to the error correction enable signal and out 
putting a result of the error correction to the controller. 

12. The method of claim 11, wherein the performing of the 
error correction on the stored data comprises writing a second 
flag data output from the controller to a flag cell array of the 
buffer memory based on the result of the error correction. 

13. The method of claim 12, wherein the performing of the 
error correction on the stored data further comprises output 
ting the stored data to the host interface in response to a data 
output enable signal output from the controller based on the 
result of the error correction. 


